Using alternative fuels for vehicles is of great importance even in developed countries. The current paper attempts to analyze the possible choices for passenger car fuel and to present an appropriate strategy for choosing an alternative fuel. In this regard, four types of fuels including gasoline as the current prevailing energy content in Iran were selected. The alternatives were LPG, CNG, and hydrogen. Potential strategies have been produced by using a continuous dynamic approach according to political, economical and social objectives. The strategies are statically and dynamically applicable. However, in this study the dynamical continuous approach was selected. The results show that hydrogen as a zero emission fuel is a suitable choice although the cultural and infrastructural obstacles exist against it. The second proposed fuel after gasoline is CNG which is the current choice of the country as an alternative fuel. The methodology presented herein can be extended to more alternatives and wider period in order to gain more comprehensive results.
INTRODUCTION
Clearly the definition of alternative fuels presented herein, is different from what the relevant organizations have defined. For example, EPAct defines alternative fuels as "methanol, ethanol and other kinds of alcohols: different combinations of methanol, ethanol and other alcohols with gasoline or other fuels if they have more than 85% alcohol in their volumetric percent natural gas, petroleum gas, Hydrogen, liquid fuels which have been produced from coal, biofuels, electricity (includes solar electricity) and any kinds of other fuels which are not basically derived from petroleum, and have noticeable benefits in the field of energy and environment problems 1 .
Currently, most of the countries have inspected different kinds of alternative fuels and are using them, and the share of vehicles using alternative fuels is increasing rapidly. In this paper four types of fuels are studied: petroleum, liquid petroleum gas (LPG), compressed natural gas (CNG), and hydrogen [2] [3] [4] [5] .
The purpose of this paper is achieving the best strategy for fuel system of passenger cars in Iran. These strategies should be determined in such a way that satisfy several objectives. These objectives include environmental aspects, economical matters and related matters to usage of the energy. Therefore, there is a multi-criteria decision-making process.
The paper is organized as follows: first, the methodology of the paper is introduced. Then the model and its variables and parameters are developed. The data are discussed in the next chapter. Then, the results and conclusions are presented, and references are introduced.
Materials and Methods
The paper uses a linear optimization problem to find an optimal strategy. Clearly, this is a multi-variable and multi-objective problem. The key attributes in this study are as follows:
Environmental In a multi-objective environment, the weighting scheme of the different objectives plays a key role. In this research, the weight vector of different indicators, has been identified utilizing the results of Wong et al., 6 . For different states (different percentages of passenger cars which belong to each fuel system) components of objective function has been specified. Then, their weighted averages have been calculated and have been used as weighted coefficients of the objective function. These attributes are governing by constraints like nonnegativity of variables. It should be noted that the total number of passenger cars in each year is given.
The model
The model presented herein finds the best combination of fuel systems for passenger cars during a 15-year period in such a way that they minimize the total pollution as well as the other monetary costs.
... (2) ... (3) ... (4) ... (5) ... (6) ... (7) where:
... (8) ... 17) in which the model variables are jkx, total number of passenger cars using fuel system j in year k, and jky, number of passenger cars using system j added to the relevant fleet. The model parameters are summarized in Table 1 . Constraint 2 equalizes the sum of each fuel system fleet to the given total number of cars. Constraint 3 implies that the number of added cars to the alternative fleet systems in each year should be less than the total added cars to the system in that year and the number of gasoline consuming cars in the year before, meaning that each year the new alternative fuel cars are entered to the system either from the old gasoline cars of the previous year, or from new and originally made alternative cars. Constraint 4 simply states that the number of cars of each system in each year equals the number of cars of that system in previous year plus the number of cars added to the system in that year. Constraints [5] [6] guarantee the positivity of the states that the total number of cars which can be picked out from gasoline cars' fleet (and then upgraded and added to the other fleets) must be less than 100000, due to technical limitations in the country.
Data
In this section, the data used in the study will be explained. The economical and physical characteristics of the candidate fuels are summarized in Table 2 . The environmental characteristics of the fuels were reported in Table  3 . This table presents values of the environmental indicators of different fuel systems of which some are quantitative and the others are qualitative. The pollution index of fuel system j, jPOL, denotes the polluting power of each system based on the data tabulated in Table 3 . In order to omit the unbalanced effects of different measures and units, the values in this table before averaging were normalized.
In order to choose an optimal strategy for fuel system (particularly in a dynamic approach), the time series data of passenger cars (the kCvalues in the model) are needed. The data are presented in Table 4 7 . The government budget is assumed not to be a constraint. Finding the interest rate of countries is a complex procedure and depends highly on different factors. In this study the interest rate paid for bonds, which is around 18 percent per year, is accepted.
RESULTS AND DISCUSSION
The linear program introduced in equations (1) to (7) was solved and the results for variables have been reported in Figure 1 . As it can be seen (and was expectable), the model proposes to reduce the number of cars using gasoline in favor of cars with less polluting fuels. The tendency of the model to hydrogen as a zero emission fuel confirms that despite of the cultural and infrastructural obstacles against this system, it could be a good choice for the country. LPG system has gotten the least share which is in line with the current government policies. Finally, CNG system has gotten the third rank overall having meant that it should be paid attention moderately, and not more. The results of the current research is more or less similar to that of static approach presented in 8 . 
CONCLUSION
A continuous dynamic approach for finding the best strategy of Iranian passenger cars' fuel system was presented using a linear programming model. The model minimizes the users' costs of switching to an alternative system including fuel rate as well as environmental impacts of all system in the study period, subject to government's budget constraints, the number of total passenger cars in Like any other modeling approach the results are highly depends on the data and assumptions. The methodology proposed in the paper could be extended by a wider period of study and a larger fuel choice set. The fuels which have been selected here were more probable to use. The model parameters were chosen based on the previous studies as far as possible. In case of the lack of past data, e.g. for hydrogen, it is tried to use international references as a best approximation.
